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• Data on coffee-drinking habits obtained from a case-control study series selected for the national study. To
conducted in Detroit were used to compare the proportions of coffee be eligible for study, a subject had to be
drinkers in a hospital and a population control series. The comparison was between the ages of 21 and 84 years and a
based on interviews with 262 hospitalized controls and 427 population resident of metropolitan Detroit, which

includes Wayne, Oakland, and Macombcontrols. The overall proportion of coffee drinkers in the total hospital
counties. The population control series

control group was similar to that in the population control group. However, was drawn from the general population of
the proportion of moderate-to-heavy coffee drinkers among controls hospi- the tricounty Detroit area in such a way
talized for conditions that may have caused them to alter their diet (eg, that population controls would be similar
gastrointestinal disorders and cardiovascular disease) was lower than that to the cases with respect to age and sex.
among population controls. In contrast, the proportion of moderate-to-heavy Approximately as many population con-
coffee drinkers among controls hospitalized for conditions that probably did trols as cases were selected. The procedure
not cause a change in diet (eg, fractures) was almost identical to that among followed for the selection of the population

population controls. These results suggest that, in hospital-based case- controls depended on age. Population con-
control studies of the effects of coffee consumption, it would be prudent to trols aged 21 to 64 years were chosen from
restrict the referent group to those patients hospitalized for conditions that 2,368 households selected by random-digit

dialing." Population controls aged 65 to 84
probably did not cause a change in diet. The magnitude of bias resulting from years were selected by random sampling
failure to exclude controls hospitalized for diet-altering conditions will from the Health Care Financing Adminis-
depend on two factors that may vary between studies: (1) the distribution of tration's lists of the Detroit population
diet-altering conditions among the hospital controls, and (2) the relationship older than age 64.
of these diseases to coffee consumption. The hospital control series was chosen,

(JAMA 1983;249:1877-1880) irrespective of diagnosis, from discharge
lists. Hospital controls were matched to
cases for age (within five years), race, sex,

THE RELATIONSHIP between cof- coffee drinking obtained from hospi- hospital, and approximate date of dis-
fee drinking and pancreatic cancer tal-based case-control studies in gen- charge. For each hospital control identi-
risk has been examined in four hospi- eral may be biased, fled for study, all discharge diagnoses
tal-based case-control studies, yield- in the present study, we compared listed on the discharge summary were

recorded. In the present analysis, we used
ing conflicting results. _ The positive the proportions of coffee drinkers only the primary diagnosis, which was
study conducted by MacMahon and among hospitalized controls in differ- taken to be the reason for hospitalization.
co-workers 2 has been criticized be- ent diagnostic categories and among The reason for hospitalization of all hospi-
cause of the procedure used to select population controls to determine the tal controls was reviewed by a physician,
the control group? 8 MacMahon et ai 2 extent of this bias and the possible and controls hospitalized for conditions
chose hospitalized controls from pa- ways to eliminate it. One approach that may have caused them to alter their
tients under the care of the same for eliminating such bias from hospi- diet were identified. This review was con-
physicians as the pancreatic cancer tal-based studies is to exclude con- ducted without knowledge of the subject's
cases. As a result, a large proportion trols hospitalized for conditions coffee-drinking habits.
or' the control group consisted of known or suspected of being related A total of 538 population controls and

347 hospital controls were interviewed
patients hospitalized for gastrointes- to the exposure under study. '_'_ We (84% of the total population controls iden-
final (GI) disorders. 2' Gastrointesti- have examined the potential result of tiffed and 71% of the total hospital con-
nai disorders, as well as several other such exclusion in hospital-based stud- trols identified). Interviews were con-
c_.ronic conditions, may cause indi- "es of the effects of coffee drinking, ducted in person by a trained interviewer.
-:iduals to alter their coffee-drinking The questionnaire was designed to elicit
habits. Since these conditions are METHODS information on artificial sweetener use,
more highly prevalent among hospi- coffee consumption, smoking, occupation,
tal patients than in the general popu- Data included in this analysis were residence, source of drinking water, fluid
lation, the estimate of the effect of collected in Detroit as part of the National intake, use of hair dyes, and medical

Bladder Cancer Study." Although this history. All subjects were asked the fol-

FromtheBiometryBranch(DrSilverman)andthe report does not pertain to bladder cancer lowing questions to obtain detailed infer-
EnvironmentalEpidemiologyBranch(DrHooverand per se, the information on coffee-drinking mation on coffee-drinking habits: whether
Ms Hartge), NationalCancerInstitute,Bethesda, habits obtained from this case-control they had drunk more than 100 cups of
Md;and theMichiganCancerFoundation,Detroit study of bladder cancer can be used to coffee in their entire lifetime; the total
(DrSwanson). address the present methodological issue, number of years they drank coffee; and,Reprint requests to Biometry Branch, National
CancerInstitute,7910WoodmontAve.Room5C19. ]n Detroit, we selected a hospital control for each type of coffee consumed, the
Bethesda,MD20205(DrSilverman). series in addition to the population control amount they drank in a typical week in the
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winter one year before the interview. The
coffee consumption data included in this Table 1.--Number of Controls and Percentage of Controls Who Were Coffee Drinkers.
analysis were based on responses to this by Sex and Type of Control Group

last question. "Coffee consumption" de- Men Woman
noted exposure to one or more types of
coffee (ie, caffeinated, decaffeinated, in- Total Total Total Total
stant, or ground). Population Hospital Population HospitalControls Controls Controls Controls

The primary measures of exposure in TotalNo. 291 199 136 63
this study were the proportion of coffee Controlswhowere coffee drinkers,%* 89 87 85. 88
drinkers and the proportion of moderate- Caffeinatedcoffeedrinkers,% 80 78 73 70
to-heavy drinkers (ie, drinkers of two or Decaffeinatedcoffeedrinkers,% 33 31 32 38
more cups of coffee per day). Adjusted Instantcoffeedrinkers,% 54 57 54 48
proportions of coffee drinkers were com- Groundcoffee drinkers.% 66 62 58 59
puted by the direct method. Initially, pro-
portions were adjusted for age, smoking, "Adjustedforage.Subjectsincludedineachcategorymayhavedrunkothertypesofcoffee
and sex. Age was the only factor for which

Table 2.--Distribution of Controls by Coffee-DrinkingHabits,Sex,adjustment had an impact on the propor-
tions of coffee drinkers; thus, only age- and Type of Control Group*

adjusted proportions were given. Adjust- No. (%)t
merit for smoking had virtually no effect
on the proportions of coffee drinkers, since Men Women
there was little difference in smoking Total Total Total Total
habits between hospital and population Coffee-Drinking Population Hospital Population Hospital
control groups. Hospital controls had a Habits(Cups/Day) Controls Controls Controls Controls
slightly lower proportion of nonsmokers o_ 32(I I) 25(13) 21(15) 8(13)
and a slightly higher proportion of smok- 1-<2 47(16) 30(16) 19(14) 1g(30)
ers of more than one pack per day than 2-<4 106(36) 70(35) 61(45) 18(29)
population controls (35% v 40%; 27% v >_4 106(37) 73(36) 35(26) 18(28)
20%, respectively). The proportions of cof- Total 291 (1OO) 198(1OO) 136(100) 63 (1OO)
fee drinkers were also unaffected by *one controlwhoconsumedan unknownamountof coffeewas excluded.
adjustment for sex. Significance tests of tAdjustedforage.
the difference in proportions of coffee _lncludedoccasionalcoffee drinkers.

drinkers between control groups were proportions of caffeinated coffee respectively). The proportion of heavy
computed using a standard normal de- drinkers and ground coffee drinkers, drinkers (ie, drinkers of four or more
viate. This pattern was not consistent, how- cups per day) in each of the female

The present analysis was confined to
white subjects because there were too few ever, for exposure to decaffeinated control groups was similar. For men
nonwhite subjects (92 population controls coffee or instant coffee. For decal- and women combined, a slight differ-
and 37 hospital controls) for satisfactory feinated coffee, the proportion of ence in the proportion of moderate-
analysis. In addition, 19 population con- drinkers among female hospital con- to-heavy drinkers between the hospi-
trols and 48 hospital controls were consid- trols was slightly higher than that tal and population control groups was
ered ineligible for analysis because either among female population controls apparent (68% v 73%, respectively).
the subject provided insufficient informa- (38% v 32%, respectively). For in- Hospital controls were categorized
tion to determine an accurate history of stant coffee, in contrast, the propor- into two groups according to the
coffee consumption or the interview was lion of drinkers among female hospi- reason for hospitalization: (1) those
judged by the interviewer to be unreliable.

tal controls was slightly lower than hospitalized for conditions that may

A total of 427 white population controls that among population controls (48% have caused them to alter their die-and 262 white hospital controls were
included in this presentation. Additional v 54%, respectively). The number of tary habits, and (2)those hospitalized
details regarding the methods used to female controls was small, however, for conditions that probably did not
conduct this study have been described and neither of these differences was cause them to alter their diet. (Diag-
elsewhere. `_ significant (P>.40). noses incidental to hospitalization

RESULTS We also compared the amount of were ignored.)The specific diagnoses
Table 1 indicates that the overall coffee consumed by all hospital and included in each of these categories

proportion of coffee drinkers in the population controls (Table 2). The are shown in Table 3. The category of
total hospital control group was simi- quantity consumed by male hospital "diet-altering" conditions consisted
lar to that in the population control controls was almost identical to that of digestive disorders and other speci-
group. For men, 87% of hospital con- consumed by male population con- fled chronic conditions. The category

trols drank some type of coffee, corn- trols. Female hospital controls, in of "non-diet-altering" conditions con-
pared with 89% of population con- contrast, drank less coffee than sisted of acute conditions and other
trois. This finding was also observed female population controls. Hospital conditions that appeared to be unlike-
when caffeinated, decaffeinated, in- controls had a higher proportion of ly to affect diet. Twenty-nine controls

stant, or ground coffee was consid- light drinkers (ie, drinkers of less were not classified because it was
ered individually. For women, 88% of than two cups per day) and a lower unclear if the conditions for which
hospital controls and 85% of popula- proportion of moderate drinkers (ie, they were hospitalized would have
lion controls were coffee drinkers, drinkers of two or more cups but less caused a change in diet. For example,
Female hospital and population con- than four cups per day) than popula- although diet modification is not rou-
trols were also similar with regard to lion controls (P=.008 and P=.032, tinely recommended to patients hos-
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pitalized for arthritis and rheuma- Table 3.--Distribution of Hospital Controls by Primary Diagnosis
tism, chronic disability resulting

NO.(%) of
from these illnesses may cause such Diagnostic Category HospitalControls
patients to alter their diets. Conditionsthat may causea changein diet

Table 4 compares the proportions Digestivedisorders 34(13)

of moderate-to-heavy coffee drink- Gastroenteritisandcolitis 4
Malignantneoplasmof the stomach,large intestine, and rectosigmoid

ers among population controls and junction 3
among hospital controls in different Diseasesofesophagus 1
diagnostic categories. As noted, the ulcerofstomach 3Gastritisandduodenitis 3
proportion of moderate-to-heavy Intestinalobstruction t

drinkers in the total hospital control Diverticula ofintestine 1
group was slightly lower than that in Chronicenteritisandulcerativecolitis 1Other diseasesof the intestineand peritoneum 8
the population control group. Of all Cholelithiasis (not specified as acute) 4

hospital controls, those hospitalized Cholecystitis and cholangitis 3

for digestive disorders had the lowest Gastrointestinaltractsymptoms 2Other chronicconditions 90(34)
proportion of moderate-to-heavy Diabetesmellitus 4

drinkers. Only 55% of controls hospi- Chronicrheumaticheartdisease 1

talized for digestive disorders drank Hypertensive disease 3Ischemicheart disease 39
two or more cups per day, compared Other forms of heart disease 9

with 73% of population controls Cerebrovasculardisease 10Diseaseof arteries, arterioles,and capillaries 6
(P=.025). Controls hospitalized for vascular and cardiac surgery 2
other chronic conditions that may Malignantneoplasmsof the lungand bronchus S

have caused a change in diet (eg, Chronicbronchitis 3Emphysema 3
cardiovascular disease) had a slightly Asthma 1

lower proportion of moderate-to- Other diseases of the lung 4
Chronicnephritis 1

heavy drinkers than population con- Cystic kidneydisease 1
trols. In contrast, the proportion of Conditionsthat probablydid not cause a change in diet
moderate-to-heavy drinkers among Acute conditions 19(7)

controls hospitalized for conditions Acuterespiratorydisorders 3Acuteappendicitis 2
that probably did not cause a change Trauma 12

in diet (eg, fractures) was almost Acuteglaucoma 1
identical to that among population Acuteotitis mediawith mastoiditis 1Other conditions 89(34)
controls. Overall, 74% of controls Infectiveand parasitic diseases,NEC* (nonintestinal) 3
hospitalized for non-diet-altering Benign neoplasmsand neoplasmsof unspecifiednature 5

conditions drank two or more cups Diseases of the nervous systemandsense organs, NEC 11Diseases of the circulatory system, NEC 4
per day, compared with 73% of popu- Nasalpolyp 1
]ation controls. Similar patterns were Inguinalhernia 18

Diseases of the genitourinarysystem,NEC 23
observed when these comparisons Complicationsof pregnancy,childbirth,and the puerperium 1
were based on the overall proportion Diseasesof the skin and subcutaneoustissue, NEC 2

of coffee drinkers, regardless of the Diseasesof the musculoskeletalsystemandconnectivetissue,NEC 13Symptomsand ill-definedconditions, NEC 4
amount consumed. Patterns noted for Adverseeffects,NEC 4
women were also similar to those ConditionsNEC 29(12)
noted for men, although the number All conditions 262(100)

of female hospital controls was "NECindicatesnotelsewhereclassified.
small.

Among coffee drinkers, the types of
coffee consumed by population con-
trols, all hospital controls, and hospi- Table 4.--Number of Controls and Percentage of Controls Who Were Drinkers of

Two or More Cups of Coffee per Day, by Type of Control Group*
tal controls with diet-altering condi-
tions are compared in Table 5. Coffee Percentage of

drinkers in the total hospital control Controls Who WereDrinkers of
group were similar to drinkers in the Control Group No. >--2Cups/Dayt
population control group with regard Totalpopulationcontrols 427 73
to type of coffee consumed. In con- Total hospitalcontrols 261 68

trast, drinkers in the hospital control Controlswithconditionsthat may havecauseda change indiet 124 64

group with diet-altering conditions Digestivedisorders 34 55
included a lower proportion of caf- Otherchronicconditions 90 68
feinated coffee drinkers and a higher Controlswithconditionsthat probablydid notcausea changein diet 108 74
proportion of decaffeinated coffee Acute conditions 19 70
drinkers than drinkers in the popula- Otherconditions 89 75
tion control group. These differences, Controlswith conditionsnot elsewhereclassified 29 63

however, were not statistically signif- *One controlwhoconsumedan unknownamountof coffeewas excluded.
icant (P=.082). tAdjustedfor age.
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and (2) the relationship of these con-
Table 5.--Distribution of Coffee Drinkers by Type of Coffee Consumed and

Type of Control Group* ditions to coffee consumption.

This investigation was sponsored by the Food
No.(%)? and Drug Administration, the National Cancer

Total Population Total Hospital Hospital Controls With Institute, and the Environmental Protection
Type of Coffee Controls Controls Diet-Altering Conditions Agency.

The respondents, physicians, hospital admin-
Caffeinated 314 (84) 187 (81) 83 (77)

istrators, and staff members of the medical-
Decaffeinated only 60 (lS) 41 (19) 25 (23) records and pathology departments at the par-
Total 374(100) 228(100) 10S(100) ticipating hospitals made this study possible

through their cooperation. Samuel Albert, MD,
"Two controls who consumed unknown types of coffee were excluded, was coinvestigator. Kathleen Stock was field
tAdjusted for age. supervisor. Jeanne Harris, Ned Jakes, Diane

Abbott, Judith Allseitz, and the interviewing
COMMENT trols hospitalized for digestive disor- and abstracting staffs of the Michigan Cancer

ders would be approximately twice Foundation assisted with data collection. The
staff of Westat, Inc, did the data processing.

The results of this study indicate the relative risk estimated from a Joyce Campbell, Jean Cicero, and Josephine

that the prevalence of moderate-to- population-based case-control study. Davis provided technical assistance. Margaret

heavy coffee consumption among con- This inflation of the relative risk Seldin and Thomas Milke provided computer
support. Max Myers, PAD, and Sheila Munson

trols hospitalized for conditions iden- estimate would simply reflect differ- provided useful critiques of the manuscript.
tiffed a priori because they were ences in the proportion of moderate- Elizabeth Davison, Jeannie Williams, and Carol
thought to cause a change in diet was to-heavy coffee drinkers between Ball assisted with manuscript preparation.

lower than that among controls control groups, regardless of the un- References

selected from the general population, derlying association between coffee ;. tin RS, Kessler II: A multifactorial model
Among controls hospitalized for such consumption and the disease under for pancreatic cancer in man: Epidemiologic

diet-altering conditions, those hospi- study. If the referent group consisted evidence.JAMA 1981;245:147-152.
talized for digestive disorders had the only of controls hospitalized for non- 2. MacMahonB, Yen S, TrichopoulosD, et al:Coffee and cancer of the pancreas. N Engl J Med

lowest proportion of moderate-to- diet-altering conditions, the relative 1981;304:630-633.
heavy coffee drinkers. In contrast, the risk for moderate-to-heavy coffee 3. Jick H, Dinan BJ: Coffee and pancreatic

proportion of moderate-to-heavy cot- drinkers would be identical to the cancer. Lancet1981;2:92.4. Goldstein HR: No association found be-

fee drinkers among controls hospital- relative risk estimated from a popula- tween coffeeand cancer of the pancreas. N Engl

ized for conditions thought not to tion-based case-control study. J Med 1982;306:997.
5. Shedlofsky S: Coffee and cancer of the

cause a change in diet was almost in the hospital-based study con- pancreas. N EnglJMed1981;304:1604.
identical to that among population ducted by MacMahon and co-work- 6. Chalmers TC: Coffee and cancer of the

controls. Among coffee drinkers, we ors, 2 patients with GI disorders were pancreas. N Engl JMed 1981;304:1605.7. Higgins I, Stolley P, Wynder EL: Coffee and
observed that controls hospitalized overrepresented in relation to a typi- cancer of the pancreas. N Engl J Med 1981;

for diet-altering conditions included a cal hospital patient series. In a subse- 304:1605.
8. Feinstein AR, Horwitz RI, Spitzer WO, et

lower proportion of caffeinated coffee quent analysis, MacMahon et al 9 al: Coffee and pancreatic cancer: The problems

drinkers and a higher proportion of observed that the relative risks esti- of etiologic science and epidemiologic case-

decaffeinated coffee drinkers than mated with controls hospitalized for control research. JAMA 1981;246:957-961.
9. MacMahon B, Yen S, Trichopoulos D, etal:

either hospital controls with non- G! disorders were indeed higher than Coffee and cancer of the pancreas. NEnglJMed

diet-altering conditions or population those estimated with controls hospi- 1981;304:1605-1606.
controls. This last finding pertaining talized for other conditions, since :0. ColeP: The evolving case-control study. JChronic Dis 1979;32:15-27.

to type of coffee consumed by hospital controls with GI disorders reported :I. Cole P: Introduction, in Breslow NE, Day
controls with GI or cardiovascular lower coffee consumption than did NE: Statistical Methods in Cancer Research: I.

diseases as compared with other hos- controls with other conditions. A1- The Analysis of Case-Control Studies, WorldHealth Organization-international Agency for

pital patients is similar to that though exclusion of controls hospital- Research on Cancer scientific publication 32.

observed in a study of young women !zed for GI disorders did not change 1980.
12. Jick H, Vessey MP: Case-control studies in

conducted by Rosenberg etal. '9 :he overall findings reported by Mac- the evamation of drug-induced illness. Am J
Our results suggest that, in hospi- Mahon et a] 29 it did result in Zpidemioi 1978;107:1-7.

tal-based case-control studies of the decreased estimates of relative risk. 13. MacMahon B, Pugh TF: Epidemiology:Principles and Methods. Boston, Little Brown &
effects of coffee consumption, it In our study, by contrast, exclusion of Co,1970.

would be prudent to restrict the refer- patients hospitalized for GI disorders 14. Mantel N, Haenszel W: Statistical aspects
of the analysis of data from retrospective studies

ent group to those patients hospital- would have had a negligible effect on of disease. ,_NCI1959;22:719-748.
ized for conditions that probably did estimates of relative risk because :5. Miettinen OS:Estimability and estimation
not cause a change in diet. Failure to such patients constituted a small pro- in case-referent studies. Am J Epidemiol 1976;103:226-235.

exclude controls hospitalized for diet- portion of the total hospital control 16. Hoover RN, Strasser PH, Child M, etal:

altering conditions may result in group. Thus, the magnitude of bias Artificial sweeteners and human bladder cancer:
biased estimation of the relative risks resulting from failure to restrict the Preliminary results. Lancet 1980;1:837-840.17. Waksberg J: Sampling methods for ran-

associated with coffee consumption, referent group to controls hospital- dom digit dialing. J Am Stat Assoc 1978;73:40-
In the extreme case, assuming the ized for non-diet-altering conditions 46.

18. Silverman DT: A Case-Control Study of
exposure rates observed in this study, may vary between studies. In any Lower-Urinary-Tract Cancer in Detroit, thesis.
the relative risk for moderate-to- given study, the magnitude of this Harvard Schoolof Public Health, Boston, 1981.

heavy coffee drinkers estimated from bias will depend on two factors: (1) 19. Rosenberg L, Stone D, Shapiro S, etal:Coffee drinking and myocardial infarction in

a case-control study in which the the distribution of diet-altering con- young women. Am J Epidemiol 1980;lll:675-
referent group consisted only of con- ditions among the hospital controls 681.

1880 JAMA, April 8, 1983--Vol 249, No. 14 Coffee Drinking--Silverman et al

Printed and Published in the United States of America


